1 METHOD OF ROASTI NG V, MO AND NI CONTAI NI NG MATERI AL AND ROTARY KI LN FOR
ROASTI NG THE SAME TECHNI CAL FI ELD [0001] The present invention relates to a
nmet hod of roasting a material containing V (Vanadium, M (Ml ybdenum and
Ni (N ckel) , which contains C (Carbon) and S (Sul fur) conponents, by
oxi di zing roasting to renove the C and S conponents therefrom before
reducing the material with a reducing agent for recovery of valuable netals
of V, Mo and Ni. TECHNI CAL BACKGROUND [0002] In boilers that use petrol eum
fuel as fuel like in electric power plants, boiler sludge is deposited on

the bottom e@kTacboblFerocarsd 1digsty,cold eairong caivafa iaiNEMAHRIAIN the boil er
sl udge and boil er ash, heavy netals such as N and V are condensed as

oxi des. | n anmoni umanet papadatke IWhircik iRpASIUNG meE maMzer f ormi ng wet  al kal
treatment with the boiler ash, a heavy netal of V is condensed as an oxi de.

[0003] In the field of oil refinery, gas processing industry and others,
desufurization catalyst is spent in the refinery process. Once spent in
this procEsHNIdr. deskiimri zati on catal yst al so contains, as oxides, heavy
nmetals of Ni, Mo, and V in the formof condensation. It is desired to
recover tHeEXEL]2 oxides, which are Ni, Mo and V, in the formof netal, which
The present invention relates to a method of roasting

a material containing V (Vanadium), Mo (Molybdenum) and Ni

(Nickel), which contains C {Carbon) and S (Sulfur) components,

by oxidizing roasting to remove the C and S components therefrom

before reducing thematerial with a reducing agent for recovery

of valuable metals of V, Mo and Ni.

TECHNICAL BACKGROUND
[0002]

In boilers that use petroleum fuel as fuel like in
electric power plants, boiler sludge is deposited on the bottom
of a boiler and dust collectors catch boiler ash. Intheboiler
sludge and beiler ash, heavy metals such as Ni and V are
condensed as oxides. In ammonium metavanadate which 1is
obtained by performing wet alkali treatment with the boiler
ash, a heavy metal of V is condensed as an oxide.

[0003]

In the field of o0il refinery, gas processing industry
and others, desufurizatiocn catalyst is spent in the refinery
process. Once spent in this process, the desufurization
catalyst also contains, as oxides, heavy metals of Ni, Mo, and

V in the form of condensation. It is desired to recover these



pronotes nore effective use of waste materials. [0004] As one of techniques
for recovering valuable netals from those V, Mo and Ni containing
materials, the inventors have proposed a nethod of recovering a val uable
netal, the nethod including a roastimy step of roasting a V, Md and N
containing material; a step of charging a heating furnace with the V, M
and NI containing material, a reducing agent and flux and heating themfor
reduction thereby to produce a V-containing slag and a Fe-Mo-N base all oy;
and a step of charging a reducing agent for the V-containing slag to
produce ajkikis) haseraldey Nigndica aGa0VA1203 telead o e e fPakentll ,datdaant 1,
claim1) [0005] In this valuable netal recovering nethod disclosed in the
pat ent dootomiiesl mdhe «F Bk Sreamponehtwadte thecdridbsand N cont ai ni ng
material are first renoved as oxides in the roasting step, and then the
reduci ng @M} is used to reduce the V, Mo and N containing material to
produce a Fe-Md-Ni base alloy. This reduction is followed by

desul furi zat i osande afetachongrati Dor ofe ddve rRergVba Nuabas enedl d loy £ r'olve
desul furi zation and decarboni zation are in conpliance with the standards,
appl i ed itthaswe ¥, ¢ad agfd dtieeonttandliingg mEgeii-aNis base ialvieoycrshheler equires
the sul fur conponent to be |lowered. [0006] Patent docunent 1. Japanese

Pat ent Latnbmpead @unetawidned) rePabettadi avaNoialRDomexgbi473 13 mpt8OKOSURE OF

THE | NVENTI ON
including a roasting step of roasting a V, Mo and Ni containing

material; a step of charging a heating furnace with the V, Mo
and Ni containing material, a reducing agent and flux and
heating them for reduction thereby to produce a V-ceontaining
slag and a Fe-Mo-Ni base alloy; and a step of charging a reducing
agent for the V-containing slag to produce an Fe-V base alloy
and a Ca0-A1;0; slag (see Patent document 1, claim 1).
[CCC5]

In this valuable metal reccvering method disclosed in
the patent document 1, the C and S compenents in the V, Mo and
Ni containing material are first removed as oxides in the
roasting step, and then the reducing agent is used to reduce
the V, Mo and Ni containing material to produce a Fe-Mo-Ni base
alloy. This reduction 1is followed by desulfurization and
decarbonization o©of the Fe-Mo-Ni base alloy. The
desulfurization and decarkonization are in compliance with the
standards, applied in the field of steel handling Fe-Mo-Ni base
alloy, which requires the sulfur component to be lowered.
[CC06]

Patent document 1: Japanese Patent Laid-open (unexamined)

Publication No. 2004-285473



PROBLEMS
desul furi

TO BE SOLVED BY THE | NVENTI ON [0007] However, the step for the

zation and decarbonization of the Fe-Md-N base all oy bec

conplicated, because this step is carried out after a further step

suppl ying the Fe-M-N

CaO A12Q8 base flux and CaO A12(3-FeO base flux to stir themtoget

addi ti on,

Mor eover,

ones
of

her.

base alloy to the heating furnace and adding |ine,

In

the desul furization/decarbonization step involves a process to
di spose of a desul furizing nmaterial. These drawbacks result in an increase
in recovery cost, thus making it difficult to realize recycling business.

the desul furization and decarbonization of the Fe-M-N

alloy have limtations in their performnces, which sonetines prev
al l oy fr @DImE&ISURE tdTe THRAMIAENT e to anounts of carbon and sulf
conponents contained in the Fe-Mb-N base alloy. [0008] Hence, in realizing

t he proceEsOHIMMT aU@EMEGSOLVED BNArHEN INVENTBION ng nat eri al

reduci ng

and Ni containing material in the roasting step preceding the reduction

base
ents
ur

t he

with the use of

agents in order to recover the valuable netals, it is significant
that S and003]conponents are renoved, as nuch as possible, fromthe V, M

step. Further miiveievielre subtie nastep offotrhe tie cadetehfurhzaheonoasthidng
process results in a decrease in recovery rate of the Mo content.
Accor di nglegankoriiz atsiges saryhel Fet Yot Mk éoanst Rddogfbadmnssibbipaticened, the M

content.

[ 0009]
because this step is carried out after a further step of

supplying the Fe-Mo-Ni base alloy to the heating furnace and
adding lime, CaO-Al,0; base flux and Ca0-Al;0;-Fe0 base flux
to stir them together. In addition, the
desulfurization/decarbonization step involves a process to
dispose of a desulfurizing material. These drawbacks result
in an increase in recovery cost, thus making it difficult to
realize recycling business. Moreover, the desulfurization
and decarbonization of the Fe-Mco-Ni base allcoy have
limitations in their performances, which sometimes prevents
the allcy from meeting the standards due to amounts of carbon
and sulfur components contained in the Fe-Mo-Ni base alloy.
[0008]

Hence, in realizing the process for reducing V, Mo and
Ni containingmaterial with the use of reducing agents in order
to recover the valuable metals, it is significant that 5 and
C components are removed, as much as possible, from the V, Mo
and Ni containing material in the roasting step preceding the
reduction step. Furthermore, the sublimation of the Mo
content in the roasting process results in a decrease in

recovery rate of the Mo content. Accordingly, it is necessary
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The present invention has been nade in view of the foregoing conventional
problens, and it is an object to provide a roasting nethod and a rotary
kil n which are able to reduce both C and S conponents in mnerals down to
0.5 %or less, respectively, and secuye a yield ratio of 90% or nore for
the M conponent. MEANS FOR SOLVI NG THE PROBLEMS [0010] In order to
resol ve the foregoing problens, the inventors carried out experinments with
a variety of types of rotary kilns. The results of the experinments made the
inventors notice the order of the decarbonization and desul furization

gener at edto WAIHE mdtiecd asting Susnaeecidm &f heie Was dsont&ecfact is that
the desul furization will follow the decarbonization, i.e., on the contrary,

there is jgdddje possibility that the desulfurization is generated so |ong
as the decarbonization is generated (because the desulfurization is a
reaction whi ch Thes gesnesat ednivenatioaxime abemsphede amd wheneger thier e
remains a C conponent, oxygen is used for the decarbonization) The

i nvent or sfofeamnidiqngonhsehhdbnawherolal emd epndl 1t dasdredbijeclti tesprosubjeect ed to
oxi di zation of the C conponent in a material-charge-side zone in a roasting
furnace and-dasenirio mewhicdi zatl enrotatiiek Sl orponterdre rakal ez are reangieng from a
central zone to a material discharge side in the roasting furnace, a 5
reacti on taotre @ canadraki ogmpdees: sonpomeneraksddeged tanObé %pool deged, which
ultimately leads to a large reduction in both the C and S conponents of the
m ner al rosspged.ively, and secure a yield ratio of 90% or more for the

Mo component.

MEANS FOR SOLVING THE PROBLEMS
(0010]

In ocrder to resolve the foregoing problems, the inventors
carried out experiments with a variety of types of rotary kilns.
The results of the experiments made the inventors notice the
order of the decarbonization and desulfurization generated
within the recasting furnace. In other werds, the fact is that
the desulfurization will follow the decarbonization, i.e., on
the contrary, there 1is little possibility that the
desulfurization is generated so long as the decarbonization
is generated (because the desulfurization is a reaction which
is generated in an oxide atmosphere and whenever there remains
a C component, oxygen is used for the decarbonization). The
inventors’ founding is that, when a material roasted is first
subjected to oxidization of the C component in a
material-charge-side zone in a roasting furnace and then to
oxidization of the S component in a zone ranging from a central

zone to a material discharge side in the rcasting furnace, a



[0011] Practically, as one aspect, the present invention provides a nethod
of roasting a V, Mo and NI containing material by oxidizing roasting in a
rotary kiln to remove C and S conponents fromthe material, before reducing
the material by neans of a reducing agent so as to recover valuable netals
conposed of V, Mo and Ni, the method conprising steps of: charging the
material containing the C and S conponents into a material charge side of a
roasting furnace on which a burner is disposed; and taking an
oxygen-contai ning gas taken into the roasting furnace to becone parallel to

a directin@l g twheCliorhendraley | @the MBVeSmpdnlehe reasdi 1wd foanage. [ 0012]
As anot her aspect, the present invention provides a rotary kiln for

roast i ng grdlodde@néhiichcont anat 80y Madeld 8b a by e deaiogibnast beght o renove
C and S conponents fromthe material, before reducing the material by neans
of a redutiend: ageM SEnEendrot ¢ esdHvigtie vial uabh 2 redatsdconposed of V, No and
Ni, the rotary kiln conprising: a roasting furnace into which the materi al
contai ni ngalike] C and S conponents is charged as a material to be processed;
a burner disposed on a material charge side of the roasting furnace; and a
l'i ne introduci myacn aadylgen- esnt@iai rFrgas ,i ntbet heragoast | igveutiace, and
wherein a direction along which the nmaterial noves in the 6 roasting furnace
and a fl qwwfiddeaoedend odntea st iy gas, Makend Niintanttdien froaskitegibdr nace are
set to be parallel with each other.

by oxidizing roasting in a rotary kiln to remcve C and S

components from the material, before reducing the material by

means of a reducing agent so as to recover valuable metals

composed of V, Mo and Ni, the method comprising steps of:

charging the material containing the C and S components into

a material charge side of a recasting furnace on which a burner

is disposed; and taking an oxygen-containing gas taken into

the roasting furnace to become parallel to a direction along

which the material moves in the roasting furnace.

[0012]

As another aspect, the present invention provides a

rotary kiln for roasting a V, Mo and Ni containing material

by oxidizing roasting to remove C and S components from the

material, before reducing the material by means of a reducing

agent so as to recover valuable metals composed of V, Mg and

Ni, the rotary kiln comprising: a roasting furnace into which

the material containing the C and S components is charged as

a material to be processed; a burner disposed on a material

charge side of the roasting furnace; and a line introducing

an oxygen-containing gas into the roasting furnace, and

wherein a direction along which the material moves in the
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EFFECTS OF THE | NVENTION [0013] According to the inventions of clains 1 and
10, as the nmaterial-charge-side zone in the roasting furnace is already in
a high tenperature atnosphere when a material to be roasted is charged into
the furnace, the C conponent is first @xidized in the material-charge-side
zone in the roasting furnace, and then the S conponent is oxidized in the
zone ranging fromthe central zone to the material discharge side in the
roasting furnace. The reaction tinme for oxidizing the S conponent can

t herefore be made | onger, whereby both the C and S conponents in the

m neral raasdeichs @nrbeceeshigedtl awoet ¥ heBhRk e PESSRE PTh Oy Gz sTHe kBRAW NGS
[0014] Fig. 1 is a systemdiagramillustratively showi ng the overal

confi gur aitritan e atoopeing | Diriaced | 4ty s8tWhbCbet barall0ast waghnmewked of V,
Mo and Ni containing materials according to the present invention is
reduced igdtepractice; Fig. 2 is a diagramoutlining a counter-flow type
rotary kiln according to a conparative exanple; Fig. 3 is a graph show ng a
functional conparison between a parallel-flowtype rotary kiln and a
counter-flow type rotary 7 kiln; Fig. 4 is a sectional view outlining a
rotary KiEFFEGESIEiTHE tINVENT peMesent invention; Fig. 5 is a sectional view
of a roasting furnace of the rotary kiln;

(0013]

According to the inventions of claims 1 and 10, as the

material-charge-side zone in the roasting furnace is already

in a high temperature atmosphere when a material to be roasted

is charged into the furnace, the C component is first oxidized

in the material-charge-side zone in the roasting furnace, and

then the S component is oxidized in the zone ranging from the

central zone to the material discharge side in the rocasting

furnace. The reaction time for oxidizing the S component can

therefore be made longer, whereby both the C and S components

in the mineral roasted can be reduced largely.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a system diagram illustratively showing the
overall configuration of an operation facility in which the
roasting method of V, Mo and Ni containing materials according
to the present invention is reduced into practice;

Fig. 2 is a diagram cutlining a counter-flow type rcotary
kiln according to a comparative example;

Fig. 3 is a graph showing a functional comparison between

aparallel-flow type rotary kiln and a counter-flow type rotary



Fig. 6 is a flowhart showi ng how to recover valuable netals; and Fig. 7 is
a sectional view of the rotary kiln according to an enbodi nent. DESCRI PTI ON
OF REFERENCE NUMERALS [0015] 1... hopper 2... volunetric feeder 3...

carrying conveyer 4... material-acceptzng hopper 5... material stirring
feeder 6... mneral-supplying chute 7... rotary kiln 8... roasting furnace
8a... material charge side 8b... material discharge side 9... secondary
conmbusti on chanmber 10... front wall 11... burner 22... short-flame burner
21... long-flame burner 8 23... counter burner 24... cooling water nozzle

25, 26...ximterial discharge outlet BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
[ 0016] An enbodi nent according to the present invention, which

Fig. 4 is a sectional view outlining a rotary kiln
according to the present invention;

Fig. 5 is a sectional view cf a roasting furnace of the
rotary kiln;

Fig. 6 is a flowchart showing how to recover valuable
metals; and

Fig. 7 is a sectional view of the rotary kiln according

tc an embodiment.

DESCRIPTION OF REFERENCE NUMERALS
[0015]

1. hopper

2.. volumetric feeder

3.. carrying conveyer

4.. material-accepting hopper

5.. material stirring feeder

6.. mineral-supplying chute

7.. rotary kiln

8.. roasting furnace

8a.. material charge side

8b.. material discharge side

9.. secondary combustion chamber
10.. front wall

11.. burner

22.. short-flame burner

21.. long-flame burner



relates to howto roast a V, Mo and N containing nmaterial, wll now be
described. In the present enbodinent, the V, Mo and N containing nateri al
is handled as a material to be roasted. To be specific, the material to be
roasted contains at |east one of sperg desulfurization catalyst (direct
desul furization catal yst, indirect desulfurization catalyst), boiler ash,
boi |l er sludge, nickel base alloy, ammnium netavanadate and others, or a
m xture of any of them Table 1 exenplifies the conponents of each
material. [0017] 9 0 00 CO0OO0OO0OO oo oo OO OO OO OO OO OO OOOOOOOO

0000 QN CNtO L0000 ¢c OOO00000O0OO00O0ODODOOO 000O
000QVO1000000 Or 0000OOO 000Oee0O0Do000o0e mMNOO
00O

a) co 0 Q. &dbI(iF) QatROMHAL21@R0 040 UOO0O0O00000OOO0OO

25, 26.. material discharge outlet

BEST MODE FOR CARRYING OUT THE INVENTION
[0C1leé]

An embodiment according to the present invention, which
relates to how to roast a V, Mo and Ni containing material,
will now be described. 1In the present embodiment, the V, Mo
and Ni containing material is handled as a material to be
roasted. To be specific, the material to be roasted contains
at least one of spent desulfurization catalyst (direct
desulfurization catalyst, indirect desulfurization catalyst),
boiler ash, boiler sludge, nickel Dbase alloy, ammonium
metavanadate and others, or a mixture of any of them. Table

1 exemplifies the components cf each material.

[0017]
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[0018]

As shown in Table 1, the desulfurization catalyst
contains large proportions of C and S components as well as
large proportions of Ni, Mo and V components. In the boiler
ash, by way of example, some 80 wt% of C component is contained,
but no Mo component is contained. The carbon base sludge
contains moisture, for example, by 50 wt%. As exemplified,
waste materials with various types of components can be handled
as a material to be roasted. Such materials are given with
heavy fuel o0il or moisture adhering thereto.

[009]

Fig. 1 is a system diagram illustratively showing the
overall configuration of an operation facility for putting the
roasting method of a V, Mo and Ni containing material into
practice. Materials are persevered, type by type, in hoppers
1 for materials to be processed. At a lower part of each of
the hoppers 1, there is equipped with a volumetric feeder 2
sc that the feeder 2 feeds, ¢on a volumetric basis, a
predetermined amount of each material to the carrying conveyer
3. In each volumetric feeder 2, the components of each
material are adjusted. The carrying conveyer 3 conveys the
volumetric-fed material to & material-accepting hopper 4.
This material-accepting hopper 4 is equipped, at its lower part,
with a2 material stirring feeder 5 which is a screw conveyer.
The material stirring feeder 5 operates to stir the material
and supplies it tc a mineral-supplying chute 6 in a dropping

manner. The mineral-supplying chute ¢ receives the dropped



[0018] As shown in Table 1, the desul furization catalyst contains
proportions of C and S conponents as well as |arge proportions of
and V conponents. In the boiler ash, by way of exanple, some 80 wt% of C
conponent is contained, but no Mo conponent is contained. The carbon base

sl udge

materials with various types of conponents can be handl ed

contains noisture, for exanple, by 50 wt% As exenplifi ed,

be roasted. Such materials are given with heavy fuel oil or noistu
adhering thereto. [009] Fig. 1 is a systemdiagramillustratively s
the ovemate €Nt kgarqatides eheare@pierat manetagillid ¥ festpird fngnkie
roasting nethod of a V, Mo and NI containing material into practice.
Mat eri al 3 arergreyssevier ed, rdtypey byi trype, in hoppers 1 for materials
processed. At a |ower part of each of the hoppers 1, there is equipped with
a volunetfd@fleeder 2 so that the feeder 2 feeds, on a volunetric basis, a
predeterm ned anount of each material to the carrying conveyer 3.
vol unetric feedére Rilthedomeenevies tdfcadatype hatler,ilalt anetlaglpustedt The
carrying conveyer 3 conveys the volunetric-fed material to a
mat er i al -iacceptioy kopper zéntalhigpratetaal- attepts rap lvopeest 41 s$hequi pped,
at its lower part, wth a material stirring feeder 5 which is a sc
conveyer .rotiwy nat eni dl. sfliner inafdeiederi s opmpates tod stisoihd detrerial and
supplies it to a mneral -supplying chute 6 in a dropping manner. T
m ner al - suppyialg ohid ef Grm ezt eesat heodrpppddr 1form material, or a

mixture of those materials. The mixture is in almost sludge.
[C021)

The rotary kiln 7 is preovided with the foreqoing roasting
furnace 8 for performing oxidizing roasting of a Vv, Mo and Ni
containing material and a secondary combustion chamber 9 for
secondarily burning exhaust gas. The roasting furnace 9 is
produced in a cylindrical shape, on outer circumferential
surface of which gears 10 are disposed. This roasting furnace
8 is configured to be driven by an electric motor which is not
shown in the drawings. In addition, with the object of
allowing the material to move from a material charge side 8a
to a material discharge side 8b in the roasting furnace 8, the
furnace 8 is paced to have a tilt so that the material discharge
side Bb becomes lower than the material charge side 8a. Both
the reoasting furnace 8 and the secondary combustion chamber
9 are linked to each cther so that the recasting furnace 8 is
rotatable and the linkage therebetween is kept in an airtight
manner. The exhaust gas discharged from an cutlet of the
roasting furnace 8 is guided tc the secondary combustion

chamber 9, where the guided exhaust gas rises up along the

| ar ge
Ni, M

wast e

as a nmaterial to

re
how ng

to be

I n each

rew

he
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mat eri al and guides the received material to a roasting furnace 8 arranged
inarotary kiln 7. [0020] The kiln includes a vertical type kiln, but in
the present invention, a horizontal type rotary kiln is selected for the
rotary kiln 7. The material is conposead of a solid form material, nud form
material, or powder formmaterial, or a mxture of those materials. The
m xture is in alnost sludge. [0021] The rotary kiln 7 is provided with the
foregoi ng roasting furnace 8 for perform ng oxidizing roasting of a V, M
and Ni containing nmaterial and a secondary conbustion chanber 9 for
secondar idhartsgmiong exhawsbegag. sthentaastiiyngutrnedace 9hiesseppaduegd in a
cylindrical shape, on outer circunferential surface of which gears 10 are
di sposed.ccHnss trigas ichagokur Aacehe &xtmuconbiagui edrdroddecditiareri dys ag el ectric
motor which is not shown in the drawings. In addition, with the object of
al | owi ng fidwel Inietreirti isd s t anrdvdifhgona a wastter | béathargewside 8acitflatg,materi al
di scharge side 8b in the roasting furnace 8, the furnace 8 is paced to have
atilt seithatst gesneteling Wdsichidngeexsade t8habegoomes diowefathantyhe
material charge side 8a. Both the roasting furnace 8 and the secondary
conbust i ama hudierco Yl eartei g nfeetil ot wawid otlier dbselhatrgedheovoasdé ng f urnace
8 is rotatable and the |inkage therebetween is kept in an airtight rmanner.
The exhauktO3jals di scharged froman outlet of the roasting furnace 8 is
gui ded to the secondary conbustion chanber 9, where the guided exhaust gas
rises up a|ongiﬂﬁenmmeral—supplying chute 6 1is linked to a charging

inlet which is formed in a front wall 10 which is an axially

end face on the material charge side 8a of the roasting furnace

8. A burner 11 is arranged to pass through this front wall

10. Thus the burner 11 emits flame from the front wall 10

downstream in the roasting furnace 8. Coupled to the burner

11 are both a fuel supply line 12 and a combustion air line

13. Hence, a fuel pump 14, which intervenes between a fuel

tank 15 and the line 12, operates to supply fuel such as heavy

fuel o0il from the fuel tank 15 to the burner 11. Moreover,

the burner 11 receives supply of combustion air from a blower

16 via the line 13.

[0023]

The material charge side 8a of the roasting furnace 8

is linked with an air supply line 17 serving as a line for

introducing a gas centaining cxygen. Oxygen in the air, which

is supplied from the air supply line 17, is used for oxidizing

both C and S compcnents. The air supply line 17 is branched

from the combustion air line 13.

[0024]

A material is charged into the roasting furnace 8 from



chanber 9. After being secondarily burned in the secondary conbustion
chanber 9, the exhaust gas is rendered harmess by famliarities including
a waste heat recovery facility, exhaust gas cooling facility, exhaust gas
processing facility and dust collectitgg facility and then di scharged
outside. [0022] The m neral -supplying chute 6 is linked to a charging

inlet which is formed in a front wall 10 which is an axially end face on
the material charge side 8a of the roasting furnace 8. A burner 11 is
arranged to pass through this front wall 10. Thus the burner 11 emts flane

from t he gheomti neald1 hippdopinsd re@amd 6.t heheoashirgedf nanaeead. igoupked to the
burner 11 are both a fuel supply line 12 and a conbustion air line 13.

Hence, a flurmlaqeuigpitdimmbdchtebyesvienest bed weett ind ugldet ahle borand the |ine
12, operates to supply fuel such as heavy fuel oil fromthe fuel tank 15 to
t he burndrl .11InMiteevarst inghfubuioe,lihe ecgierds ISupptyi ofed,odbushigon air
froma blower 16 via the line 13. [0023] The material charge side 8a of the
roast i ng Whiratacem@ the nladtekeed Wi shhaat @d rarsuppbyubilng ddveeriviangtas a | i ne
for introducing a gas containing oxygen. Oxygen in the air, which is
suppl i ed Matemidile Gargupplde | 8aetd 7the smasedidbrdogcdazgagsiblet BbC and S
conponents. The air supply line 17 is branched fromthe conbustion air line
13. [ 0024inxamaterhnater sathadragerk isnde Bheof dast fngnéoenaed i@efd gath3

the air supply line 17, a material moving direction and an air

flow introduced into the furnace 8 are in parallel with each

other. The rotary kiln based on such a gas flow is called

“parallel-flow type rotary kiln.”

[0025]

By contrast, as shown in Fig. 2, a rotary kiln in which

a material moving direction (1) and an air flow (2} introduced

in the furnace are opposed to each other is called “counter-flow

type rotary kiln.”

[002¢6]

Fig. 3 is a graph showing comparisons between both the

parallel-flow type rotary kiln and counter-flow type rotary

kiln as to their in-furnace temperature distributions,

desulfurization states, and decarbonization states. In the

parallel-flow type rotary kiln, the in-furnace temperature

becomes high in the zone on the material charge side 8a and

gradually decreases with increasing proximity to the material

discharge side 8b, because the burner 11 is located on the

material charge side 8a of the roasting furnace 8. 1In contrast,

the counter-flow type rotary kiln adopts a burner located on

the material discharge side of a roasting furnace, with the



t he m neral - supplying chute 6. The charged material in the furnace 8 is
i medi ately subject to heating under the burner 11. In the roasting furnace
8, the material is stirred, during which time the material is heated and
gradual ly nmoved fromthe nmaterial chasge side 8a to the material discharge
side 8b. Since the material charge side 8a of the furnace is lined with
the air supply line 17, a material noving direction and an air fl ow
introduced into the furnace 8 are in parallel with each other. The rotary
kil n based on such a gas flowis called "parallel-flowtype rotary kiln."
[ 0025] Byregoflit asiat @beshawiuirfaEegteRpefatotarysKidwet nws clneacnat eri al
nmoving direction (1) and an air flow (2) introduced in the furnace are
opposed tihecatdt extihelr dlsaopd | ®0de condt eheds ow gitypeal ot acyekisknwith0026]
Fig. 3 is a graph show ng conpari sons between both the parallel-flowtype
rotary Kiimcmseesicoumersiniow typethotraater kil Maschiarddes ide n- f ur nace
tenperature distributions, desulfurization states, and decarboni zation
states. |Ma4kE parallel-flowtype rotary kiln, the in-furnace tenperature
becones high in the zone on the material charge side 8a and gradually
decr eases wit hWidrieasithg proxistiing t durhecsat éri althedi sehardgelsi de 8b,
because the burner 11 is |located on the material charge side 8a of the
roasti ng darmiadel 8.zddy ceperasicalile cdunmt Er -FridwsSt ypempatentys kialkg adopt s a
burner located on the material discharge side of a roasting furnace, with
the 14 removed from the material. 1In the case of taking account of

only heat exchange in the material, the counter-flow type

rotary kiln is superior in a heat exchange rate to the

parallel-flow type rotary kiln. However, in the counter-flow

type rotary kiln, as explained, the temperature profile in the

roasting furnace is inclined such that temperatures in the zone

on the material charge side 8a are lower and gradually increase

with increasing proximity to the material discharge side 8b.

As to in what order the reactions of the C and S components

are generated, the C component is first removed, and then the

removal of the S component follow. 1In order to allow the

oxidization reaction to remove the S component, the S component

should be exposed to an over-oxygen atmosphere. However, as

long as there remains the C component in the material, the

over-oxygen atmosphere cannot be created, thereby worsening

in the efficiency of the oxidization reaction for the S

compenent. In the counter-flow type rotary kiln, it is not

until the material moves to the higher-temperature material

discharge side zone that the C component is burned and removed.

Curing an interval of time in which the material is moved to

thematerial discharge side zone, the C compenent is not burned,
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result that the in-furnace tenperature is lower in a zone on the materi al
charge side and shows a gradual increase with increasing proximty to the
mat eri al di scharge side. [0027] Wthin the roasting furnace 8, the materi al
is devolatilized; specifically, the @5and S conponents are renoved from
the material. In the case of taking account of only heat exchange in the
material, the counter-flow type rotary kiln is superior in a heat exchange
rate to the parallel-flowtype rotary kiln. However, in the counter-flow
type rotary kiln, as explained, the tenperature profile in the roasting
furnace iso ithdt néd sudhithat chenpecat vnesfithé e comenant tWid Inaber i al
charge side 8a are lower and gradually increase wth increasing proximty
to t he nmadeniealerditechar fhesrereo8hl oAsheoCi compateot der thremaeaetiadns of t he
C and S conponents are generated, the C conponent is first renoved, and
t hen t he drsrovale ddiddez G eonpohenalipl Foll ovadobgethteo calildowathen
oxi di zation reaction to renove the S conponent, the S conponent should be
exposed tmeart ovemwexygenuaesosphet ecomdgmuerdr toashahgagimko tfere demmi ns the
C component in the material, the over-oxygen atnosphere cannot be created,
t her eby wwirlsenivpgdsi nin hbeefduntiencll of tybe oxtiali v &tilon tleaceloribor the S
conponent. In the counter-flow type rotary kiln, it is not wuntil the
mat eri al oERNaYs tthe B gheponenpet at aeechatedi Bt thi datidrage zsinge ozone t hat
the C conponent is burned and renoved. During an interval of tinme in which
t he mat erthg Mpserpedirhatee radefapnditseharyet 5paé 1enks shREt€rconmponent
is not burned, 15

Hence, only a small amount of the S component (refer to a shaded

porticon in Fig. 3) is desulfurized.
[0028]

In contrast, in the parallel~-flow type rotary kiln, upon
entering the roasting furnace 8 the material enters its
high-temperature and over-oxygen state. Accordingly, the
combustion reaction of the C component is generated, from the
beginning, on the material charge side 8a, which reduces the
C component. Then, as the material moves along the central
zone to the material discharge side 8b in the roasting furnace
8, the oxidization reaction of the S component is generated
in the material with over-oxygen. That 1s, 1in the
parallel-flow type rotary kiln, the material is subjected to
the S-component removal reaction while the material moves in
the zone ranging from the central zone to thematerial discharge
side 8b, which makes the reaction time longer. Hence, as shown
by a shaded portion in Fig. 3, a large amount of the S component
can be removed.

[C029]

Fig. 4 shows a section of the rotary kiln adopted by the



so that the oxidization reaction of the S conponent wll not be generated.
The renoval of the C conponent in the nmaterial discharge side zone is
finally followed by the oxidization reaction which causes the S conponent
to change into SOx. In other words, 18 the counter-flow type rotary kiln,
the reaction to renove the S conponent is generated in the latter zone on
the material discharge side 8b and the reaction tine is shorter. Hence,
only a small anount of the S component (refer to a shaded portion in Fig.
3) is desulfurized. [0028] In contrast, in the parallel-flowtype rotary
Kiln, upgresnitermgdifentaastnngrder nacec8ltihe hhglerieaperdtarnsd s

hi gh-tenperature and over-oxygen state. Accordingly, the conbustion

reacti on tdie e € icdnpbaene b$dgedwey atted bufrmem thei s begs pus eg, oromhiche

mat eri al charge side 8a, which reduces the C conponent. Then, as the

mat er i al noveasi &l arigandee soels Bal inzohe toashengefernate d scHawgeesi,de 8b in
the roasting furnace 8, the oxidization reaction of the S conponent is
gener at ednerel ¥ kb spisaimiqalofwithle bueneoxyyem sSihat a4 dodart itcme ingartelsl el - f | ow
type rotary kiln, the material is subjected to the S-conponent renoval
reacti on atidwanss urst eleicleassvas the rhee zomd reamgitey falomitslkbacgst ral zone
to the material discharge side 8b, which makes the reaction tinme |onger.
Hence, asskimWp. bYhanstieiédcpopenentiys FixgdiZeda hapyel awemstragked-he S
conponent can be renmpoved. [0029] Fig. 4 shows a section of the rotary kiln
adopt ed Hjut hehig heat 1is, in part, dissipated, which reduces the

temperatures on the material discharge side 8b. Accordingly,
this leads to a possibility that the oxidization reaction of
the S component will come to an end.

[0030]

To compensate for the heat required for the oxidization
reaction of the S component, the present embodiment adopts a
structure in which the burner 11 is composed of a short-flame
burner 22 and a long-flame burner 21, and a counter burner 23
is attached on a side wall of the secondary combustion chamber
9. These three burners 21, 22 and 23 are controlled as to their
operations in such a manner that the temperatures within the
roasting furnace 8 are approximately even from the material
charge side 8a to the material discharge side 8b.

[0031]

Of these burners, the short-flame burner 22, which is
placed to burn the C component of thematerial immediately after
the material is charged into the furnace, raises the
temperatures in the zone on the material charge side 8a. 1In
contrast, the long-flame burner 21 emits a longer fiame than

that of the short-flame burner 22 and is used to raise the
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present enbodinent. In order to realize high tenperatures on the materi al
charge side 8a, the burner 11 is disposed on the nmaterial charge side 8a in
the roasting furnace 8. However, nerely disposing of the burner 11 in such
a location invites a tenperature decrlgase in the zone on the materi al

di scharge side 8b. Wien the S conponent is oxidized, heat is generated.

But this heat is, in part, dissipated, which reduces the tenperatures on
the material discharge side 8b. Accordingly, this leads to a possibility
that the oxidization reaction of the S conponent will conme to an end.

[ 0030] Taeqrqertsatess fior tiHee degatrale quirreed nf ahet heasxiidigz &uirancer 8act i on of
the S conponent, the present enbodi nent adopts a structure in which the
bur ner 1TThe coompesebuchea 8Botd -ddtmmhediumnemi22aanhtkme |@hgdfilcmenbur ner
21, and a counter burner 23 is attached on a side wall of the secondary
conbust i amighaimbedirectibesestdprees bie fer $hpse QL @l 1281garfd acenendl | ed as
to their operations in such a manner that the tenperatures within the

r oast i ng shamtacil Buearkeuspproxi hangaly 28ven fa.oma hél neceidnl frematye si de 8a
to the material discharge side 8b. [0031] O these burners, the short-flane
burner 2Matgighl idd schlaggeds t é= il ot Hee Qadepenenthagtet hicdedtadr pad

imedi ately after the material is charged into the furnace, raises the

t enper at &S5 e LAGRE BT WIRE nfdt ér iz8neckar §eesmaéegaail A1SEbArE8st, the

| ong-flame burner 21 emts a longer flanme than that of the short-flame

bur ner 2XifRl Ssinsklet oy ee G-heln7a large-size kiln, decreases in

the temperatures of the furnace tail portion (that is, the
material-discharge-side zcone) are unavoidable even when the
flame of the burner 11 is controlled to its maximum. In
consideration of this fact, the counter burner 23 is adopted
to control the temperatures in the furnace tail portion. In
addition, floatable dust in the air, such as boiler ash, may
be floated in a gas flow in the recasting furnace 8, without
being burned, and may be discharged from the facility. With
taking this situation into consideration as well, the counter
burner 23 has a function of burning the floatable dust in the
furnace tail portion. Connected to the counter burner 23 are
both the fuel supply line 12 and the combustion air line 13,
as shown in Fig. 1.

[0032]

The structure according to the present embodiment
employs a cooling water nozzle 24 linked to the front wall 10
of the roasting furnace 8. The reason for that is prevention
of a local temperature upsurge within the furnace, which is
attributable to a sudden burn of the material in response to

invitation thereof into the furnace. Particularly, waste
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tenperatures in the central zone in the roasting furnace 8. The counter
burner 23 is attached to emt a flanme of which an emtting direction is
opposite to those of the long-flame and short-flame burners 21 and 22
(i.e., adirection fromthe naterial 1discharge side 8b to the materi al
charge side 8a) and raises the tenperatures in a zone on the materi al

di scharge side 8b in the furnace 8. In a large-size kiln, decreases in the
tenperatures of the furnace tail portion (that is, the

mat eri al - di schar ge-si de zone) are unavoi dabl e even when the flanme of the
burner lldtsalomitd aldeattd ovhdSe NPehebit idM heonshdenat soaref grbesefract, the
counter burner 23 is adopted to control the tenperatures in the furnace
tail portied td paddideonpchlloateatpesr ahinted nupderads, sDed asobanker ash,
may be floated in a gas flowin the roasting furnace 8, w thout being

bur ned, antamyoheld 84¢has geohrfosen biiea flairid Ayt 1ot hyptakndig s hibdesi t uati on
into consideration as well, the counter burner 23 has a function of burning
t he fl oattabkridusiing patrhéecléusnacef Twid dpopsiserviConasotadl iroy whéecount er
burner 23 are both the fuel supply line 12 and the conbustion air |ine 13,
as shown tigwdzidythe mp0632k 1 Thira sge Ucide &aacootlue nopa =t ire Juresers 8enbodi nent
enpl oys a cooling water nozzle 24 linked to the front wall 10 of the
roasti ng fUfthdlce 8. The reason for that is prevention of a |ocal
tenperature upsurge within the furnace, which is attributable to a sudden
burn of the natldrs alodstakgpors@is iawwhath ophe hepest inat bashbekor nace

Particularly, waste 18
finished, are sent ocut from the roasting furnace 8 to the

secondary combustion chamber 9, which is equipped with
dichotomized-type material discharge outlets 25 and 26 for
discharging the roasted minerals {(material). Using these
outlets 25 and 26, the roasted minerals are separated from the
floatable dust. Concretely, ¢f the outlets 25 and 26, the
outlet 25 is for the roasted materials and located next to the
body of the roasting furnace 8, while the outlet 26 is for the
flocatable dust and is located near to a side wall of the
secondary combustion chamber 9 (i.e., located far from the body
of the furnace). Hence the roasted minerals reach the outlet
25, and discharged through this cutlet 25. On the other hand,
the floatable dust is made slower in speed in the secondary
combusticn chamber 9, resulting in that they drop to be
discharged through the outlet 26.
[0034]

Since the floatable dust is carried in the gas flow, the
time during which they stay in the flow in the furnace is sherter.
As a result of it, the flocatable dust still contains much

unburnt combustible components including a high weight



catal ytic agents whose generation heat ambunts are greater tend to provide
| ocal tenperatures upsurges. The cooling water nozzle 24 is conposed of a
binary fluid type and is able to emt fine particle-size fluid drops
serving as cooling water toward the rmaterial charge side 8a in the roasting
furnace 8. [0033] The roasted mnerals, to which the roasting has been
finished, are sent out fromthe roasting furnace 8 to the secondary
conmbusti on chanber 9, which is equipped with dichotom zed-type nateri al

di scharge outlets 25 and 26 for discharging the roasted mnerals (material)

Usi ng t hesacantidds so25 @ 26,cdrprerast edIAi nesradsasy e separatredtf rom t he
fl oatabl e dust. Concretely, of the outlets 25 and 26, the outlet 25 is for

t he roastretsulierealen lanthdtocaiced rexipcnenthen hody retstkea moastiang f ur nace
8, while the outlet 26 is for the floatable dust and is |ocated near to a
si de wal lisofldde iseamodaty, corhasteonhalyardzar Hc4y . en, thecabvedtfiarg fromthe
body of the furnace) . Hence the roasted mnerals reach the outlet 25, and
di schar gethidtrtvcrudtont ki §cagelrepe250dOnft himet hérmdrdmd ,to tthe fnboatablle dust is
made sl ower in speed in the secondary conbustion chanber 9, resulting in
t hat t heydidtdmitge betldiscHargdd @ hpongh irite> otieldtcl2E o DOBA puSilece t he
floatable dust is carried in the gas flow, the tine during which they stay
in the flowdn the §flraadel¢ sdehioreer. be Asodleetealit adbbnet antdheahl beat abl e
dust still contains nuch unburnt conbustible conponents including a high
wei ght 1xcharged in the furnace again. Incidentally this structure may

be modified as follows. That is, employing the dichcoctomized

type of outlets 25 and 26 is not a definitive 1ist, but another

structure may be employed, where the rcasted substances to be

discharged (that is, a mixture of roasted minerals and a

floatable dust) are received to apply grain size separation

with such a device as a cyclone separator or an airflow

separator, and the separated floatable dust is charged into

the roasting furnace 8 again or sent to ultimate dispocsal.

Meanwhile, the separated cocarse particle substances are

charged into a heating furnace as a material for a V, Mo and

Ni containingmaterial tcbe used in a reduction process serving

as a latter process.

[0035]

Conditions for operating the rotary kiln 7 will now be
described.
With the temperatures in the roasting furnace kept fixed
at 800 - 950 °C, the material is subjected to oxidizing roasting
for an in-furnace retention time of two hours or more. The

temperatures cf 800 °C or more are reguired, because they are

proper for removing the C component and heavy fuel ¢il attached



percentage of the S conponent. In contrast, experinent results reveal that
the S conponent in the roasted mnerals is |less in anounts, because they
can stay in the roasting furnace for a |l onger period of tinme. Thanks to the
material discharge outlets 25 and 262bornmed into the dichotom zed outl et
type, the floatable dust can be collected alone and can be charged in the
furnace again. Incidentally this structure may be nodified as follows. That
is, enploying the dichotom zed type of outlets 25 and 26 is not a
definitive list, but another structure may be enpl oyed, where the roasted
subst ances theheateh sehavgedidi batios, teerdoqt . ur énofotivassed i benalks and a
floatabl e dust) are received to apply grain size separation wth such a
devi ce axm pycleomne sapanraicavearinan wdtd | onomsepanat drgwearst t dree separ at ed

fl oatabl e dust is charged into the roasting furnace 8 again or sent to

ul ti mat e dildposadion MEamwhitdles teheegsaparateshcohd s pantilcte csubstances are
charged into a heating furnace as a material for a V, Mo and N containing
mat eri al drarbes0sed i Dtaid edyctired Hocess SeFYuhgacasrdradiical tpmecess.

[ 0035] Conditions for operating the rotary kiln 7 will now be described.
Wth the beenper aburesor mate, regastugy biohnate Repid f3 xethpeatern8@are950 C,
the material is subjected to oxidizing roasting for an in-furnace retention
time of tdesihmd Sorbaorealuddn stehperettukes of 800 C or nore are required,
because they are proper for renoving the C conponent and heavy fuel oil
attached @Q36]

A ratic relationship (air radic) between an amount of
alr to be introduced into the rotary kiln 7 and an amount of
air necessary for oxidizing flammable components contained in
the materials is set to 1.5 to 2.5. The reason why a ratio
of 1.5 or more is required is that the inside of the furnace
should be over-oxygen for the sufficient oxidizing roasting
of the material. However, if the ratio is excessively greater
than an optimum one, the air cools down the inside cof the furnace
and the in-furnace temperatures will be dropped largely, thus
increasing the amount of the exhaust gas. Hence the air ratio
is set to 2.5 or less. The air ratio is a ratic between an
amount of air to be introduced into the rotary kiln and an amount
of air necessary for oxidizing flammable compcnents in the
material and a ratio of 1.0 is equivalent weight. The
flammable components in the material are C, H, N and S.
[0037]

As pictorially shown in Fig. 5, the roasting furnace 8
should partially be charged with the material. For example,
an occupying percentage (filling degree) of the material to

a cross section area of the roasting furnace 8 is 12 % or less.
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to the material by oxidization thereof. In contrast, in order to prevent
the recovering rate frombeing | owered due to sublimation of M, the
tenperatures should be equal to or less than 950 C. It is required that the
in-furnace retention tine be two houps or nore, because both the C and S
conponents are desired to be reduced sufficiently. [0036] Aratio
relationship (air radi o) between an anmpbunt of air to be introduced into the
rotary kiln 7 and an anount of air necessary for oxidizing flamuable
conponents contained in the materials is set to 1.5 to 2.5. The reason why

aratio @flltheOsubBhEeiSf M@RUNERE S 1t DAt rbbeckasi ties ahhd Reakttingce
shoul d be over-oxygen for the sufficient oxidizing roasting of the

mat eri al .fiHoweywers id gdienirtatdd te exeesSinelai gr eahek, thangaga@pti mum one,
the air cools down the inside of the furnace and the in-furnace

t enper at wtes Aillllinke dénepreedthar gehylet htise dpesemist ngidhe-armwat oaf the
exhaust gas. Hence the air ratio is set to 2.5 or less. The air ratiois a
rati o bettveemeaarer iamunirofi ding e ke fifiiaieditc educht @ ft haer abaey kil n and an
anount of air necessary for oxidizing flamabl e conponents in the nmaterial
and a rattiotoie 3i0.i sSTequ valeeratf omel ghtpodhd thdanteblfd lddnmponenteei n t he
material are C, H Nand S. [0037] As pictorially shown in Fig. 5, the
roasti ng Hauspace&l shaud tlepartthzal LY *he ebaeged,wit Bhthédnet ervcdaldedFor
exanpl e, an occupying percentage (filling degree) of the material to a
Ccross secitd gnveraaeaft rehe liyozisd L hg aflwenboet®: £$112ngodgtasssbe2ause
the production efficiency is obliged to be lessened.
[CC38]
It is also desired that a gas flow speed within the
roasting furnace 8 be set to 3m/s or less. Dust whose specific
gravity is small, such as boiler ash, may fly to the dust
collector together with the exhaust gas, without being burned
out sufficiently. Thus, in order to alleviate this problem,
it is desired that the gas flow speed in the furnace 8 be
suppressed dewn tc a smaller value.
[0039]
How to recover valuable metals composed of V, Mo and Ni
will now be described, which involves heating the roasted
minerals in a heating furnace after the oxidizing roasting and
reducing the heated roasted minerals with reducing agents.
(0040]
Fig. 6 shows a flowchart for describing how to recover
valuable metals. First, the roasted metals, reducing agents,
and lime serving as flux are charged into an electric furnace

serving as a heating furnace (step S1). The heating and

reduction in the electric furnace produces a V-containing slag
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Only the surface of the material introduced into the roasting furnace 8 is
permtted to touch the air. Thus, the greater the filling degree, the
smal l er the specific surface area of the material, providing no sufficient
touch of the material to the air. Itaps therefore proposed that the filling
degree be set equal to or less than 12 0. However, it should be avoided to
give an extrenely small value to the filling degree, because the production
efficiency is obliged to be |lessened. [0038] It is also desired that a gas
flow speed within the roasting furnace 8 be set to 3 m's or |ess. Dust

whose spegid idy m-Mdins isasgdliopuch as boiler ash, may fly to the dust
coll ector together with the exhaust gas, w thout being burned out

sufficienﬁdggllThus, in order to alleviate this problem it is desired that
the gas flow speed in the furnace 8 be suppressed down to a snaller val ue.

[0039] How to meeovele wal-uabl 4@ al $1 copposed gép¥radedandrbin whkl now be
descri bed, which involves heating the roasted mnerals in a heating furnace

after thes-agrizidichg 0ashighy &gl theductig trkeMreatiedbaeastLdidy nesal s with
reduci ng agents. [0040] Fig. 6 shows a flowhart for describing how to
recover stadusdded metal s.d&stisiurlhet roast edigmicaishorieditciory agaatds, and
lime serving as flux are charged into an electric furnace serving as a
heati ng fd#mades(isteep Sil) . THee Pheahpogeandin rieduetdterriial treeadinectini ¢
furnace produces a V-containing slag 22

the Fe-Mo-Ni base alloy. Since tightened standards are

applied to the S component, the desulfurization is required.

Further, the decarbonization is also required, because the C

compenent is recarbonized from electrodes. Through this

process, the Fe-Mo-Ni base alloy is poured into a ladle furnace

servirg as a heating container (step S2). Then, the lime,

Ca0-Al1,03 base flux, and Cao-Al;0s3-Feo base flux and others are

changed into the furnace for the desulfurization,

dephosphorization, and decarbonization. It is effective to

use blowing an Ar gas and O, {(utilizing a bubbling). However,

when the oxidizing roasting process allows the decarbonization

and desulfurization to be done sufficiently, these

desulfurization, dephosphorization, and decarbonization

processes can be omitted. Finally, the Fe-Mo-Ni base alloy

that has experienced the desulfurization, dephosphorization,

and decarbonization is cast into a mold.

[0042]

Meanwhile, the V-containing slag is also is poured into
a ladle furnace serving as a heating container (step $52). An

Al-reducing agent, lime and V,0s for adjusting the V component

are also poured into this ladle furnace, so that a Fe-V base
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and an Fe-Mb-N base alloy. [0041] The Fe-Mo-Ni base alloy is separated from
the V-containing slag, and then the Fe-Mb-N base alloy is subjected to
desul furi zation, dephosphorization, and decarbonization. The P conmponent in
the material remains in the Fe-M-N 2Base alloy. Since tightened standards
are applied to the S conponent, the desul furization is required. Further,

t he decarboni zation is al so required, because the C conponent is
recarboni zed from el ectrodes. Through this process, the Fe-Mb-N base all oy
is poured into a ladle furnace serving as a heating container (step S2).
Then, thelidieandCaQA4208,01a8¢ak dixe pishGan: Ak2G3theovbasathhxngnd ot hers
are changed into the furnace for the desul furization, dephosphorization,
and decardyepj.zation. It is effective to use blowing an Ar gas and 02
(utilizing a bubbling) . However, when the oxidizing roasting process
al |l ows t hgolerjar boni zati on and desul furization to be done sufficiently,
these desul furization, dephosphorization, and decarboni zation processes
can be om ttedTaddirabl ¥xehpei Feebbstinbases atdqyi rédatohas cexpers eaced t he
desul furi zation, dephosphorization, and decarbonization is cast into a
mol d. [ 0Q2]f iveswhig esdidwed V-containing slag is also is poured into a

| adl e furnace serving as a heating container (step S2) An Al -reducing
agent, lime and V205 for adjusting the V conponent are also poured into
this ladle furnace, so that a Fe-V base 23




[ 0043]

sl ag.
be finally produced.
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[0044]

The Fe-V base alloy is required to have standards that
correspond to, for example, JIS No. 2 standardized articles.
According to these standards, the V component is required to
be adjusted to 45 - 55 mass%, C, Si, P, S and other components
are lowered and Ni, Mo and Al components are lowered as well.
As to the Fe-Ni-Mo basis alloy, the standards used in the field
of steel can be used, for instance. It is therefore necessary
that the P and S components are lowered according to those
standards. In additicn, the S value of calcium aluminate is

required to be lowered.

EMBODIMENT
[0045]

As raw materials to be processed, a direct
desulfurization catalyst, indirect desulfurization catalyst,
beoiler ash, boiler sludge, and nickel component were mixed at
a service ratio shown in Table 3. A percent composition of
those mixed materials is shown in Table 4.

[0046]
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O0a0O0aaaali 25 [0044] The Fe-V base alloy is required to have
standards that correspond to, for exagple, JIS No. 2 standardized articles.
According to these standards, the V conponent is required to be adjusted to
45 - 55 mass% C, Si, P, S and other conponents are |owered and Ni, M and
Al conmponents are lowered as well. As to the Fe-N -M basis alloy, the
standards used in the field of steel can be used, for instance. It is
therefore necessary that the P and S conponents are | owered according to
those standards. In addition, the S value of calciumalumnate is required
to be lovwered. FRBIFEH [0045] As raw materials to be processed, a
direct

Material name Se“’;‘j/f) ratio
Direct desulfurization catalyst 35
Indirect desulfurization catalyst 6
Boiler ash 33
Boiler sludge 25
Nickel component 1
Mixed material alloy 100
[(0047]
TABLE 4
(Mixed material alloy) (%)
Mo Ni \ P S C Al,O,4

1.04 1.7 4.63 0.14 9.15 46.8 15.1

[0048]

The mixed raw materials were then subjected to a roasting
test in a reotary kiln. The rotary kiln which was used is a
continuous type rotary kiln shown in Fig. 7.
[0049]

Under conditions of a temperature of 900 °C, in-furnace

occupying percentage (i.e., filling degree) of 12 %, an
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desul furization catal yst, indirect desulfurization catalyst, boiler ash,
boi |l er sludge, and nickel conponent were mxed at a service ratio shown in
Tabl e 3. A percent conposition of those mxed materials is shown in Table
4. [0046] 26 TABLE 3 Material nanme Sepvice ratio Direct desul furization
catalyst 35 Indirect desulfurization catalyst 6 Boiler ash 33 Boiler
sludge 25 Nickel conponent 1 M xed material alloy 100 [0047] TABLE 4
(Mxed material alloy) (9 M N VPSCA1203 1.04 1.7 4.63 0.14 9.15
46.8 15.1 [0048] The mi xed raw naterials were then subjected to a roasting
test in adotaimadd Irdceha dmotame kil B, whhebcuas used) i S 8 HeeNt kAdous type
rotary kiln shown in Fig. 7. [0049] Under conditions of a tenperature of 900
C, in-fursineer eEEURYO NG, PEheERb 8Ly (118 welrel bpagadear eeds of r&du¥%: an 27
in-furnace retention tinme (i.e., process tine) of 3 hrs, and

of it, as shown in Table 5, the after-processed C and 8

compeonents were lowered down to 0.1 % or less. As shown in
Table 6, a yield ratio of 95 % or more for the roasted minerals

was also secured.

[0050]
TABLE 5
C and S values (%)
C S
Before 46.8 9.15
processing
After 0.04 0.09
processing

[0051]



an air ratio of 2, the rotary kiln were operated. As a result of it, as
shown in Table 5, the after-processed C and S conponents were | owered down
to 0.1 %or less. As shown in Table 6, a yield ratio of 95 %or nore for
the roasted mnerals was al so securegdg [0050] TABLE 5 C and S values (%9 C
S Before 46.8 9.15 processing After 0.04 0.09 processing [0051] 28 TABLE
6 Bal ance of Mo, NN and V (%9 M N V Calcinated mneral 95 97 97 Ohers
5 3 3 (scattering conponents etc) [0052] Then, with the operating

condi tions changed, another roasting test was carried out, in which,
specifically, the in-furnace filling degree, in-furnace process tine, and
tenperature JeABLaGed at every anmount of the materials to be charged in
order to nmeasure the C, S and Mo conponents of the materials to be

processed. Tﬂlgnc?e SPIQI‘H,SNE Qﬁdr\}asul ts on (%)
Mo Ni V
Calcinated mineral 95 97 97
Others 5 3 3
(scattering components etc)

[0052]

Then, with the operating conditions changed, another
roasting test was carried out, in which, specifically, the
in-furnace filling degree, in-furnace process time, and
temperature were changed at every amount of the materials to
be charged in order to measure the C, S and Mo components of
the materials to be processed. Table 7 shows the results on
those tests.

[0053]



those tests. [0053] 29 TABLE 7 Amount Filling Tenpera to be Tine factor
ture CS Mo charged Air ratio (kg) (hr) (%9 (CO (% (%9 (% 100 1 17.1
900 2 17.80 8.50 2.43 2 3.40 4.50 2.51 3 0.45 1.02 2.30 70 1 12.0 900 2
12.40 6.90 2.29 2 0.17 0.50 2.47 3 0904 0.09 2.31 55 1 9.4 900 2 3.40 7.90
2.30 2 0.04 0.41 2.25 3 0.01 0.032.29 3516.0900 2 1.005.802.29 2
0.02 0.19 2.20 3 0.01 0.01 2.11 351 6.0 800 2 4.80 6.40 6.40 2 0.68 2.60
2.34 3 0.02 0.30 2.45 [0054] During the processing, the renoval of the S
conponent (i.e., oxidizing roasting of sulphirde) will start after

conpl eti on of conbustion of the C conponent. Hence an interval of tine
necessary de/\Eﬁ_qubess anpunts to "a tinme necessary

Amount . Filling |Tempera
to be Time C S Mo
charged factor ture | air ratio
(kg) (hr) (%) () (%) (%) (%)
100 1 17.1 900 2 17.80 8.50 2.43
2 3.40 4.50 2.51
3 0.45 1.02 2.30
70 1 12.0 900 2 12.40 6.90 2.29
2 0.17 0.50 2.47
3 0.04 0.09 2.31
556 1 8.4 900 2 3.40 7.90 2.30
2 0.04 0.41 2.25
3 0.01 0.03 2.29
35 1 6.0 900 2 1.00 5.80 2.29
2 0.02 0.19 2.20
3 0.01 0.01 2.11
35 1 6.0 800 2 4.80 6.40 6.40
2 0.68 2.60 2.34
3 0.02 0.30 2.45
[0054]

During the processing, the removal of the 8 component
(i.e., coxidizing roasting of sulphirde) will start after
completion of combustion of the C component. Hence an interval
of time necessary for the process amounts to “a time necessary
for combusticn of the C component” + “a time necessary for
remcving the 35 component”. When the percentage of the S
component is lowered, that of the C component is also lowered.
The tested results in terms of the percent composition of the

S component can be estimated as shown in Table 8.



for conbustion of the C conponent” + "a tinme necessary for renoving the S
conponent”. When the percentage of the S conponent is |owered, that of the
C conmponent is also lowered. The tested results in terns of the percent
conposition of the S conponent can bgpesti mated as shown in Table 8. 30
[0055] TABLE8 O: <0 .1% A0O50/0Sx : >0 . 5% Cccupying Arount to
percent age Convection time (h) be charged of initial section (kg) (%9 1 2
253 356.0x} fJ 559.4 XpdQ 70 12.0 x 14 O.i CQ 100 17.1 x X X X
favorabl e conditions [0056] From Table 8, for further reducing the percent
conposi tigpsd) the S conponent, it is understood that it is desired to set
not only the in-furnace process tinme to 2 hours or nore but also the

filling degree to 12 % or |less. [0057] This application is based on the
Japanese Patent application No. 2005-292397 filed on Cctober 5, 2005,
entire
TABLE 8
C:<0. 1%S A:Z20. 5%S X:>0. 5%S
Occupying
lf; ":;l;nr;;% pe:)rfc :1?;2?8 Convection time (h)
section
(kg) (%) 1
35 6.0 X
55 9.4 X
70 12.0 X
100 17.1 X X X X

. favorable conditions

[0056]

From Tabkle 8, for further reducing the percent
composition of the S compconent, it is understood that it is
desired to set not only the in-furnace process time tc 2 hours
or more but also the filling degree to 12 % or less.

[0057]

This application 1s based on the Japanese Patent
application No. 2005-292397 filed on Cctcber 5, 2005, entire
content of which is expressly incorporated by reference

herein.



content of which is expressly incorporated by reference herein. 31 Wat is
claimed is: 1. A nethod of roasting a V, Mo and NI containing material by
oxidizing roasting in a rotary kiln to renmove C and S conponents fromthe
material, before reducing the materialzgiby neans of a reducing agent so as
to recover valuable netals conposed of V, Mo and Ni, the nmethod conprising
steps of: charging the material containing the C and S conponents into a
mat eri al charge side of a roasting furnace on which a burner is disposed;
and taki ng an oxygen-containing gas taken into the roasting furnace to
becone pafald els toAimid ectd on al ong which the nmaterial noves in the
roasting furnace. 2. The nethod of roasting the V, Mo and N contai ning

material 1.0f Achaithod, ofhebeisk ihge an®t, eMoabnisNeXdhzadnang maastedlat an
i n-furnace tenperature of 800 C - 950 C inclusive and an in-furnace

retentiomyt i dei@f z2ndoubsseingorie. 3. rdhgryekhod eb neasddangct AedVs Mo and
Ni containing material of either claim1 or 2, wherein the burner conprises

a short -ddmaen dnl Nér oot h e anst d1eH 4 Bpeyfaing esdubiagzone racatied ben t he
material charge side in the roasting furnace and a |ong-flanme burner for
rai sing teedgrey adfuresrédudicenigaht zoneasotot becooast vagubbipasetand t he
rotary kiln is equipped with a counter burner for raising tenperatures in a
zone on adsmieyadiloflisches genditde, tihe tretkodstomgr f siinqceteps of:
charging the material containing the C and S components
into a material charge side of a roasting furnace on which a
burner is disposed; and
taking an oxygen-containing gas taken into the roasting

furnace to become parallel to a direction along which the

material moves in the roasting furnace.

2. The method of rocasting the V, Mo and Ni containing material
of claim 1, wherein the material is oxidized and rocasted at

an in-furnace temperature of 800 °C - 950 °C inclusive and an

in-furnace retention time of 2 hours or mocre.

3. The method of roasting the V, Mo and Ni containing material
of either c¢laim 1 or 2, wherein the burner comprises a
short-flame burner for raising temperatures in a zone lccated
on the material charge side in the rcasting furnace and a
long~flame burner for raising temperatures in a central zone
cf the roasting furnace and

the rotary kiln is equipped with a ccunter burner for
raising temperatures in a zone on a material discharge side

in the roasting furnace.
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32 4. The nmethod of roasting the V, Mo and N containing material of any
one of clains 1 to 3, wherein a cooling water nozzle 1is provided on the

mat eri al charge side of the roasting furnace so as to spray water inside
the roasting furnace. 5. The nethod ofsggroasting the V, Mo and Ni contai ning
material of any one of clains 1 to 4, wherein the oxygen-containing gas 1is
air, an air ratio between an anount of air taken into the rotary kiln and
an amount of air necessary for conplete conbustion of a flammbl e conponent
contained in the material is set. to 1.5 to 2.5. 6. The nethod of roasting
the V, Mo and N containing nmaterial of any one of clains 1 to 5, wherein
an occupyi ng percentage (filling degree) of the nmaterial to a sectional

area of the Theastthgd s pagetifgatial, tigo @hd RS Scdritad nihdmaterlhe et hod
of roasting the V, Mo and Ni containing material of any one of clains 1 to

6, whereid¥r argpegtk &ft tha iidow el 3t hghgasins a3 cHIeegovakesSno8z1Ehe met hod
of roasting the V, Mo and Ni containing naterial of any one of clains 1 to

7, wher eiis bRevhiakaron kihkemmaSe edul pped genk { Be & it BBotaHdE tZiady Fypaaaat eri al
di scharge outlet at which the material is separated into a roasted m neral

and a fl oad ad ee SFpriustwatShr Thes 1t hack of od Oabid nButhecd, M and N
containing material of any one of clains 1 to 7, wherein the materi al
di scharged froma material discharge outlet of the rotary kiln is screened

5. The method of roasting the V, Mo and Ni containing material

of any one of claims 1 to 4, wherein the oxygen-containing gas

is air,

an air ratio between an amount of air taken into the
rotary kiln and an amount of air necessary for complete

combustion of a flammable component contained in the material

is set to 1.5 to 2.5.

6. The method of roasting the V, Mo and Ni containing material
of any one of claims 1 to 5, wherein an occupying percentage
(filling degree) of the material to a sectional area of the

roasting furnace is equal to or less than 12 %.

7. The method of roasting the V, Mo and Ni containing material
of any one of claims 1 to 6, wherein a speed of the flow of

the gas is 3 m/sec or less.

8. The method of roasting the V, Mo and Ni containing material
of any one of claims 1 to 7, wherein the rotary kiln is equipped
with a dichotomized-type material discharge outlet at which

thematerial is separated into a rcastedmineral and a floatakble



in particle sizes thereof to produce both coarse particle substances and
fine particle substances; the coarse particle substances are then charged
as a material into a heating furnace in a reduction process of reducing of
the material by means of the reducingsagent; and the fine particle
substance are then subjected to processing which is either charging into
the rotary kiln again as the material to be processed for the roasting or
ultimate disposal. 10. A rotary kiln for roasting a V, Mo and Ni contai ni ng
mat erial by oxidizing roasting to renmove C and S conponents fromthe
mat eri al ,gugaf.ore reducing the material by neans of a reducing agent so as
to recover valuable netals conposed of V, Mo and Ni, the rotary kiln
conprising: a roasting furnace into which the material containing the C and
S conmponents is charged as a material to be processed; a burner disposed on
a materi &@. chraegeetshele odf réhetingasid Ng Maanacei cantt - dimemeberaduci ng an
oxygen-containing gas into the roasting furnace, and wherein a direction
al ong whicch atrlye ofiet efi alabmyes e 7,t hhearedst ithg frateace laddsahbtlkgedof the
oxygen-containing gas 34 taken into the roasting furnace are set to be
par al | el fimdrha nestcdr icthdd schirgeheutr bdtayf &hé wrdtary bashiigstheeWedMb and Ni
containing material of claim 10, wherein the burner conprises a
short-fl ame fartnerld osirzas sthgreefpematiuraeBiden otZonech nsat pdrtonlehe
material charge side in the roasting furnace and a

substances and fine particle substances; the coarse particle

substances are then charged as amaterial into a heating furnace
in a reduction process of reducing of the material by means
of the reducing agent; and the fine particle substance are then
subjected to processing which 1s either charging into the
rotary kiln again as the material to be processed for the

roasting or ultimate disposal.

10. A rotary kiln for roasting a V, Mo and Ni containing
material by oxidizing roasting to remove C and S components
from the material, before reducing the material by means of
a reducing agent so as to recover valuable metals composed of
V, Mo and Ni, the rotary kiln comprising:

a roasting furnace into which the material containing
the C and S components is charged as a material to be processed;

a burner disposed on a material charge side of the
roasting furnace; and

a line introducing an oxygen-containing gas into the
roasting furnace, and

wherein a direction along which the material moves in

the roasting furnace and a flow of the oxygen-containing gas



| ong-flame burner for raising tenperatures in a central zone of the
roasting furnace and the rotary kiln further conprises a counter burner
raising tenperatures in a zone on a material discharge side in the roasting
furnace. 12. The rotary kiln for roastiang the V, Mo and Ni contai ni ng
material of either claim10 or 11, further conprising a cooling water
nozzl e provided on the material charge side of the roasting furnace so as
to spray water inside the roasting furnace. 13. The rotary kiln for
roasting the V, Mo and Ni containing nmaterial of any one of clainms 10 to

12, furthefk&omidSite aodlchd alimetd e naiterdahaddipsehanga eutlhet at
which the material is separated into roasted mnerals and a fl oatable

dust . each other.

11. The rotary kiln for roasting the V, Mo and Ni containing
material of claim 10, wherein the burner comprises a
short-flame burner for raising temperatures in a zone located
on the material charge side in the roasting furnace and a
long-flame burner for raising temperatures in a central zone
of the roasting furnace and

the rotary kiln further comprises a counter burner
raising temperatures in a zone on a material discharge side

in the roasting furnace.

12. The rotary kiln for roasting the V, Mo and Ni containing
material of either c¢laim 10 or 11, further comprising a cooling
water nozzle provided on the material charge side of the
roasting furnace so as to spray water inside the roasting

furnace.

13. The rotary kiln for reoasting the V, Mo and Ni containing
material of any one of claims 10 to 12, further comprising a
dichoteomized-type material discharge outlet at which the
material is separated into roasted minerals and a floatable

dust.



